Introduction
Introduction

Technological achievements within cell biology and imaging systems have during the last decades revealed many novel cell types that people have previously been unaware of. The majority of these are very rare cell types such as certain stem cell populations and endocrine cells. However, also cells commonly present at one location but rare at an unfamiliar location, such as circulating nonblood cells have been documented. Examples here are circulating tumour cells (CTCs) originating from primary tumours and foetal cells in the peripheral blood of pregnant women. Both types have drawn a great deal of attention because the ability to identify and isolate such rare cells in the peripheral blood may provide a way for improved diagnostic procedures. Today the knowledge of these rare cells in the peripheral blood is limited. The estimated number of CTCs is one in millions of peripheral blood mononuclear cells (PBMC), depending on disease progression and tumour class
. Likewise, foetal cells crossing the placenta barrier into the maternal peripheral blood are extremely rare -estimated to be around one per five million PBMC [2] .
Further knowledge, especially identification of novel biomarkers, is therefore essential before efficient enrichment and identification of these cell types can be applied for routine diagnostics. Today the identification processes for characterizing newly discovered very rare cells are quite laborious. After the initial characterization the conventional way to recognize these rare cells is by means of cell specific antibodies, if such are available.
Currently a number of suitable systems for in vitro antibody generation are available, of which phage display is the most thoroughly tested. Since the first publication introducing the method in 1985 [3] , phage display has evolved into a widely used technique for obtaining antibodies [4] . Nonetheless, 
in the case of very rare cells it has proven to be quite a challenging task. Due to lack of cell specific markers, it is difficult to enrich pure population in high number, thus preventing application of standard methods for antibody generation. One way to circumvent the problems of insufficient accessibility to target cells is to reduce the requirement to only one identified target cell.
Attempts along these lines have been performed, namely by utilizing retrieval of a target cell with adherent phage by laser capture microdissection (LCM) [5] . However, this approach has so far not proven successful in achieving single cell selections [6] . Analogous attempts have been done using FACS (fluorescence activated cell sorting), performed on a more common cell sub-population [7] , but so far without success when applied for a single cell.
Here we present a novel method by which we have managed to isolate specific scFv ( [9] . Soluble scFv were expressed from the pKBJ3 vector, according to protocol [10] .
Shadow stick
Custom made glass pipette with a flat gold disc at the end were manufactured by Unisence, Aarhus, Denmark (Fig. 2) 
Results
Designing the method
For the development of the method the myelogenous leukaemia cell line K562 [12] [13] .
For the phage particle to be able to replication, the phage DNA must be capable to replicate in the host bacteria, as previously been shown by phage inactivation by UV irradiation [14] Fig. S1 , and in the cartoon in Fig.S2 . Fig. 3 (Fig. 4) [15] . Identification of CTCs by FISH could be performed by demonstration of cancer cell aneuploidies [16] as altered karyotyping is observed in various cancers [17] . FISH methods are widely used methods that can be made more accurate by reversing the colours of the chromosome specific probes [18] or by using multiple probes from the same chromosome [19] .
Selections
(i ) Elution just before slide is dry (relative output of 100) (ii ) Dried 10 min. at room temperature. (iii ) Dried 20 min. at 37ЊC. (iv ) Same as treatment (iii ); however, last wash was performed with glycerol added to the PBS (10% glycerol in PBS). Output titre estimated from a 250-fold dilution of the eluate. A large decrease in output titre is observed as the time of drying is increased. The effect is however reduced when last wash is in buffer supplemented with glycerol, as an approximate 55-fold difference is observed between treatment 3 (4000 c.f.u.) and (190,000 c.f.u.).
Fig. 2 Cartoon illustrating the shadow stick and the UV-shielding of the target cell. Top shows slide and shadow stick viewed from the side, bottom shows slide and shadow stick viewed from the top. UV light is illustrated with arrows. The target cells (red) found underneath the gold disc (yellow) is protected from UV irradiation in contrast to non-target cells (green
. From two of the single cell selections analysed in detail, three clones showed an increased recognition of the K562 cells compared to lymphocytes
Immunostaining of cells
Discussion
We wanted to use phage display for selection of antibodies against a single cell in a heterogeneous cell population, in particular for the selection of antibodies towards very rare cells, such as nonblood CTCs and foetal cells from the maternal bloodstream. For foetal cells in the maternal blood stream, FISH can be used as an unrelated way of identification in situations where the mother is expecting a male foetus, making it possible to distinguish the foetal cells by the presence of the Y-chromosome
To and quality [20, 21] (Fig. 4) 
